Background: Blood culture remains the definitive method for diagnosing bacteremia and fungemia. In this study, we investigated the incidence of bacterial and fungal infections along with the trends in antimicrobial susceptibility in blood cultures collected from 2008 to 2013.
INTRODUCTION
Bloodstream infections are a major cause of mortality in hospitalized patients, particularly among patients developing sepsis as a result of the infection. In the United States alone, more than 750,000 cases of sepsis occur every year, with a mortality rate close to 30% [1] . Early detection of the infectious agent, followed by appropriate antimicrobial therapy, represents the best way to control costs and improve patient outcomes. Despite recent advances in clinical diagnostics, blood culture remains the gold standard for the detection of bacteremia and fungemia.
Analysis of the long-term trends in both infectious agents and antimicrobial susceptibilities can be used to improve patient care, leading to reduced morbidity and mortality associated with these infections. Here, we performed a retrospective analysis of blood culture results collected over the course of 6 years. These results were then compared to that of a similar study examining blood cultures collected from 2003-2007 [2] to identify changes in infectious organisms and antimicrobial susceptibilities over time.
MATERIALS AND METHODS
A retrospective analysis of blood cultures performed at 
Statistics analysis
The correlation analysis between year and frequencies of isolates (or antimicrobial susceptibilities) was performed using
MedCalc for Windows, version 13.2.2.0 (MedCalc Software, Ostend, Belgium). A P value less than 0.05 was considered to be statistically significant.
RESULTS
Of the 102,257 blood specimens collected, 8,452 (8.3%) were culture positive for growth of microorganisms. Excluding overlapped isolates from identical patient, a total of 4,768 isolates were analyzed. Of these, 2,683 (56.3%) were aerobic gram-positive cocci and 1,601 (33.6%) were aerobic gram-negative bacilli; fungal species accounted for an additional 178 (3.8%)
( Table 1 ).
Gram-positive cocci
The most common species of Gram-positive bacterium was
Staphylococcus epidermidis, which accounted for 824 isolates (17.3%). Coagulase-negative staphylococci (CoNS) were identified in 1,768 isolates (37.1%). Excluding CoNS, Staphylococcus aureus was the most common species with 385 isolates (8.1%).
Other common Gram-positive species identified in this study included Enterococcus faecalis, Enterococcus faecium, and
Streptococcus pneumoniae, which accounted for 95 (2.0%), 91
(1.9%), and 44 (0.9%) isolates, respectively (Table 2) . 
Gram-negative bacilli
The most common species of Gram-negative bacillus was Escherichia coli, which was identified in 807 isolates (16.9%).
Other common Gram-negative pathogens included Klebsiella pneumoniae (311 isolates; 6.5%), Pseudomonas aeruginosa (87 isolates; 1.8%), and Acinetobacter baumannii (85 isolates; 1.8%) ( Table 2 ).
Fungi and anaerobic bacteria
One hundred and seventy-eight fungal isolates were identified, the most common being Candida albicans (74 isolates) and
Candida tropicalis (63 isolates) ( Table 3 ). The most common anaerobic bacterial species was Clostridium perfringens (0.2%).
Antimicrobial susceptibility
Methicillin resistance was detected in 54.3% of S. aureus isolates; however, the rate exhibited a clear downward trend ( baumannii, in 46.8% of the total number of isolates of this taxon ( Fig. 1 ).
DISCUSSION
Despite a steady increase in the number of blood specimens collected annually, the rate of positive blood cultures decreased over the course of this study. Overall, blood cultures were positive in 8.3% of all blood specimens collected, a rate similar to that of our previous study (8.5%) of blood culture specimens collected between 2003 and 2007 [2] . The most common microorganisms identified were CoNS, E. coli, S. aureus, and K.
pneumoniae, consistent with both our previous results as well as that of similar studies [2, [4] [5] [6] [7] . Antibiotic resistance rates varied considerably from year to year.
Among the most notable findings of this study was the steady change in the isolation rates of two common pathogens: CoNS and E. coli. CoNS isolation rates decreased by 10.9 percentage points over the course of 6 years; in contrast, the rate of E. coli isolation increased by 5.8 percentage points (Table 2) . Between 2008 and 2010 the most common species isolated from blood cultures was S. epidermidis; in the years since, E. coli has emerged as the most common isolate.
CoNS are generally regarded as contaminants, the majority of which are picked up from the patient's skin during the process of blood collection [8] . In this study, the reason for decrease of CoNS isolation is also considered to be due to reduced contaminants. However, CoNS are also frequent nosocomial pathogens causing severe infections in conjunction with intravascular devices such as central venous catheters [8, 9] .
Therefore, identification of these pathogens at the species level is recommended, followed in cases of repeated isolation by antibiotic susceptibility testing.
Other than CoNS, S. aureus was the most common species isolated from blood. The frequency of S. aureus isolation reported here represents a modest decrease (10.5%) compared to our previous study ( Table 2 ). The rate of methicillin resistance also exhibited a downward trend in this cohort (P＜0.05); more modest decreases in vancomycin resistance were observed among E. faecium isolates, while the rate of ampicillin resistance had increased relative to our earlier study [10] .
E. coli isolation rates exhibited modest, but consistent, increased over the course of this study, while K. pneumoniae frequencies remained constant, with isolation rates similar to in our previous study. Increase of proportion and absolute value of E.
coli isolation is thought to be due to increase of patients or severity of patients. The isolation frequencies of ESBL-producing E. coli and K. pneumoniae were 13.1% and 10.3%, respectively, and remained relatively stable from year to year. Due to increasing use of carbapenems for empiric therapy, carbapenemase-producing Enterobacteriaceae (CPE) strains have spread rapidly [11] . We identified two E. coli isolates (both from 2010) re-sistant to meropenem (data not shown). While the isolation frequencies of anaerobic bacteria exhibited no significant differences with our previous results, the rate was relatively low compared to that of similar studies [12, 13] . The utility of manual detection of positive vials is considered unsuitable.
In addition to bacteria, 178 fungal isolates were identified.
The most frequently isolated fungus was C. albicans, followed by C. tropicalis. However, the frequency of C. tropicalis isolation decreased rapidly over the course of this study, such that it was overtaken by C. parapsilosis and equal to that of C. glabrata by 2013. Due to absence of antifungal susceptibility data, the correlation between changing isolation trends of Candida spp. and known resistant pattern did not represent. As systemic fungal infections are associated with high mortality [14] , rapid detection in conjunction with appropriate antifungal therapy is essential to ensure a positive outcome.
As with all research, this study was not without limitations.
First, the data presented here include both true infections as well as instances of contamination. Second, identification of clinical isolates with Microscan LabPro based on over 85% match, so some identification of species level could be inaccurate. Third, we were forced to exclude a portion of the antimicrobial susceptibility testing results, due to the absence of interpretation criteria. More detailed laboratory and patient records are necessary to avoid these issues in any subsequent analyses. Fourth, the total number of antimicrobial susceptibilities testing is somewhat scanty, so the rate of resistance can be easily changeable.
In conclusion, we detected a consistent decrease in the frequency of CoNS isolation over the course of this study, combined with a steady increase in the frequency of isolation of E.
coli. Approximately 50% of A. baumannii isolates exhibited significant carbapenem resistance (imipenem or meropenem). Comprehensive and strict infection control practices will be necessary to reduce the rate of nosocomial infections going forward.
Combined with our previous efforts, despite results of single hospital, this study represents a long-term analysis of blood stream infections that can be used to identify trends in microbial pathogenesis and drug resistance. These data can be used to improve patient care, as well as reduce the costs associated with bloodstream infections.
